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ABSTRACT

This guide presents a detailed description of the computer programs
constituting the Naval Aircraft Rework Facility (NARF) Workload Plan-
ning and Budgeting Model. As the guide is intended for use by program-
mers in making detailed changes to program coding, coding receives
especial attention in the form of lines-by-lines description of main program
listings. A general description of each program, the program listings, and
flow charts are included.

The description of the model is contained in the Center for Naval
Analyses’ INS Study 38, “Naval Aircraft Rework Facility Study.” A
discussion of the model’s uses is contained in CNA Research Contribution
212, the “User’s Guide to the NARF Workload Planning and Budgeting
Model.”
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PREFACE

Navy managers need the capability to analyze the effects of changes
in the forces on the support system. Thus research efforts in the develop-
ment of methodologies for measuring the support required for the opera-
ting forces was requested. One of these efforts was the development of a
model suitable for the long range planning and budgeting of the Navy’s
Aeronautical Depot Maintenance Program.

This effort has required a heavy emphasis on methodological issues and
the development of the computer system, software, and programs to implement
the model. The results of this effort are summarized in three documents:

1. Study report (reference (2))
2. User’s guide to the model (reference (3))
3. Programmer’s guide

The initial findings of the study are described in the study report. This
report is intended for those concerned with the overall problems of planning
depot maintenance. The scope of the Depot Maintenance Program, the current
planning system used for programming and budgeting, and several major policy
issues are discussed initially. This is followed by a general and non-technical
explanation of the model along with a case analysis for FY 1974 illustrating
the model’s uses. This initial version of the model has since been revised and
expanded in cooperation with, and at the request of, the users. The User’s
Guide documents the procedures necessary to execute the latest version of the
model. Finally, the guide which follows documents the detailed program listings
in order to facilitate future revisions to the model.

The model developed (figure 1) consists of the following computer
programs:

Input programs

Matrix generator

Mathematical Programming System (MPSX360)
Report generator

The programmer’s guide will discuss the input programs, the matrix generator
and the report generator. The Mathematical Programming System (MPSX360) is
an IBM developed program for solving linear programming problems on an IBM
360 computer. MPSX360 utilizes the Matrix Generator output tape as input to
solve the problem specified. The output of MPSX360, L.P. output, consists of
the problem solution in matrix form and is used as input to the report
generator. (For details on the MPSX360 system, see references (4), (5), and (6),
obtainable from IBM.)
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CHAPTER |
INPUT1
RESOLUTION OF INCOMPATIBILITIES

INPUT]1 is designed to accept three input tapes (the Master File, the Capacity and Distribution
File, and the Cost Rate File) created on an RCA 3301 computer system and to produce three
output tapes 'that are in a format acceptable to the IBM 360 computer system. Certain discrep-
ancies exist between the two computer systems which must be eliminated to facilitate the
generation of an input tape. The techniques that INPUT1 uses to eliminate these discrepancies are
explained in the following paragraphs.

The RCA 3301 is an octal machine with byte configuration of 6 bits/byte. It produces
seven-track, odd-parity tapes. The IBM 360 system is a hexadecimal machine with byte configura-
tion of 8 bits/byte. The standard IBM tapes are nine-track odd parity. Seven-track tapes can be
handled by the IBM system by using proper JCL parameters (see page 25 of the User’s Guide).

Specifically, to handle seven-track, odd-parity tapes the “tape recording technique” (TRTCH)
subparameter of the “data control block™ (DCB) parameter of the JCL-for INPUTI is set equal to
translate (““T”’). Under this translate option not all RCA characters are translated to the same
character in IBM code. That is, 30 of the 64 RCA character codes are translated to IBM characters
that are different from the original RCA characters. For example, an RCA “A” is translated to a
“/” in IBM code; similarly, an RCA “B” is translated to an IBM “S”. A complete list of these 30
RCA characters and their IBM translations is given in table 1.

INPUT1 handles this problem by using the COBOL “TRANSFORM” verb to change these
IBM characters to the proper IBM character code to represent the original RCA characters. For
example, the COBOL statement

TRANSFORM WORK-AREA FROM
‘/S’ to ‘AB’
will replace all characters in WORK-AREA equal to ‘/* or ‘S’ with ‘A’ or ‘B’ respectively. Therefore,
the 30 characters in table 1 are translated (by TRTCH = T in the JCL) to certain IBM characters

and these characters are then transformed (by COBOL TRANSFORM verb) to the IBM format
representing the original RCA characters.

INPUT1, in addition, compensates for incompatibilities in the tape formats. These incompati-
bilities are:

Labels and end-of-file mark (EOF): Each RCA tape begins with a 31-character label
followed by a 3-character EOF mark. Neither the label nor the EOF mark is recognized
as such by the IBM 360 system. Instead, the IBM system treats the label and the EOF
‘mark as 31-character and 3-character records, respectively.



TABLE 1

RCA AND IBM CHARACTER DIFFERENCES
USING TRTCH =T

From To
IBM
Octal RCA Machine code character
61 / B A 1 A
62 S B A 2 B
63 T B A 21 C
64 U BA 4 D
65 Y BA 4 1 E
66 w BA 42 F
67 X BA 421 G
70 Y B AS H
71 z B AS8 1 |
75 . A8 21 .
21 A A 1 /
22 B A 2 S
23 c A 21 T
24 D A 4 v -
25 E A 4 1 Vv
26 F A 42 w
27 G A 421 X
30 H A 8 Y
31 | A8 1 2
73 , B A8 21 5
00 0 space
12 space 8 2
55 > B 8 4 1 )
56 < B 8 42 ;
60 woet B A &
76 = BAS8 42 +
16 ) 8 4 2 =
20 & A -
0
32 + A8 2 2
8
52 [ B 8 2 e
56 EF B 8 4 2 :
72 EB BAS 2 1



Beginning and ending block marks: The first character of each physical record
(block) of data written on a RCA 3301 tape drive is called an “item separator.” The last
character of each block is an end-of-block mark. Therefore, each block contains two
extra characters. For example, if 1,000 characters were to be written on tape as one
block of data, the actual physical record would consist of 1,002 characters, including the
item separator and the end-of-block mark as the first and last characters in the block,
respectively.

Short blocks: On the RCA 3301 system, it is possible that the final block of a tape
file is shorter than the preceding blocks. This situation occurs when the number of
remaining logical records to be written is less than the blocking factor that had been
used throughout the file. For example, suppose there are 105 logical records, each 100
characters long, to be written on a tape file and the blocking factor is 10 records per
block. The entire file would consist of 10 full blocks and 1 short block. The first 10
blocks would consist of 10 records or 1,002 characters each. The final block would
consist of 5 records or 502 characters. The final block in a tape file is followed by a
21-character end-of-file label.

The above problems are resolved within INPUT1. In the file description paragraph (FD) for

each tape file the recording mode is set equal to unspecified (‘U’). This allows for records of
varying lengths to be fetched from the tape file for each COBOL read operation. Thus, the

31-character label and 3-character EOF mark are treated as blocks of data by INPUTI.

The label and EOF records are found by checking for label and EOF identifiers in the

procedure division of the program for each tape file. Once they are found, INPUT1 assumes that
actual data follows. The first and last characters of each physical record are ignored by INPUTI.
Finally, since the IBM 360 system does not recognize the RCA 3301 end-of-file, INPUT1 checks
for the end-of-file by first checking for a short block. Whenever a short block is found it is
assumed that it is the last block in the file. However, it is possible for the last block to be full. In

this case, the end-of-file is recognized when the end-of-file label is identified.

PROGRAM LOGIC

®
The general logic used to handle each tape file is as follows:

1. Process the beginning label and EOF mark.

2. For each block of data, transform the data to the proper IBM character
code representation of the original RCA characters. This is accomplished one
record at a time by using the COBOL ‘TRANSFORM’ verb.

3. Write the transformed record onto a disk file. Check for a short length
block by comparing the number of records in the block to the blocking
factor of the file. If a short block is enountered it is assumed to be the last
block in the file.

4. Return to step 2 until either a short block is encountered or the end-of-file
label is processed. In both cases, the files are closed and step 5 is performed.

3.



5. Sort the output disk file and write the results onto a tape file. This tape file
will be a standard IBM formated, nine-track tape and will be used as input
to INPUT2. The sort is accomplished by using the IBM sort utility and it is
set up in the Job Control Language.

An exception to the above steps occurs during the processing of the Capacity and Distribution
file. Here, during step 3, each record is checked to determine whether it is a capacity record or a
distribution record. The distribution records are written on a disk file and later sorted as are the
records in the Master and Cost Rate files. However, the capacity records are stored in a table until
the end-of-file is reached. They are then punched onto cards to be used as card input to the Matrix
Generator program.



CHAPTER I
INPUT2
INTRODUCTION

Computer program INPUT?2 is a single COBOL program without subroutines. The function of
INPUT2 is to create the Data Base tape file. This file is used as input to the Matrix Generator
program. The’ three output tapes from INPUT1 (Master, Distribution, and Rate files) are used as
input to INPUT2. Tables B-1, B-2, and B-3 in appendix B present the format of the three. The tape
format for the generated Data Base file is given in table B-4. (Table B-5 is a matrix which assigns
the appropriate Fund Code for customers 1 through 9 and A through I depending on the
subprogram and program.)

PROGRAM DESCRIPTION

After the execution of INPUTI, the three tape files (Master, Distribution, and Rate) are sorted
in ascending sequence by identical fields. For each record on the Master file there exists corre-
sponding distribution and rate records on the Distribution and Rate files, respectively. There are
several exceptions to the above that will be mentioned later. Each master and rate record contains
information for a five-year period and each distribution record applies to all of the five years.
INPUT?2 will then construct one data base record for each of the five years represented on a master
record from the Master file.

Each of the five data base records representing a master record is a composite of information
contained on the master record and the appropriate distribution and rate records. Not all variables
contained in a data base record come from these three records. Some variables such as “total-cost,”
“requirements,” and “fund-code” are computed by INPUT2 using other information contained on
the records. Each data base record contains all of the information that is desired by the Matrix
Generator program.

To construct the data base records it is necessary to match each master record to specific
distribution and rate records. This matching is accomplished by constructing a distribution identi-
fier and a rate identifier from variables on the master record and searching the appropriate tape
files until it is determined whether or not a match exists.

Records on the Distribution file are identified by a seven-character code composed on the
variables Type Equipment Code (TEC), Program, Subprogram, and Designated Repair Point (DRP).
Records on the Rate file are identified by an eight-character code composed of the variables TEC,
Program, Subprogram, Fund-Code, and DRP. There are several exceptions to the above. Records
with programs on the Distribution file with values of ‘F,” ‘H,” and ‘L’ and records with programs on
the Rate file with values of ‘F,” ‘H,” ‘L,” ‘P,” ‘R,’ ‘V,” and ‘Y’ are not associated with a TEC and the
TEC. variable on these files is equal to ‘“‘spaces.” These records are grouped together at the
beginning of the Distribution and Rate files but their information applies to any master record with
its program equal to the above mentioned values. These exception records from the Distribution
and Rate files are read into core by INPUT2 in the first phase of the program. Both of these tape
files are now positioned so that the Master file can be easily matched against it.

-5-



PROGRAM LOGIC

The logic of the program is as follows:

1.
2
3.

Set initial values for arrays, counters, and subscripts.
Read current G&A rate cards.

Read exception records from the Distribution and Rate files into two

‘tables in core.

. Read one record off the Master file. Begin constructing the five data base

records corresponding to this master record by utilizing certain master
record variables. Set up distribution and rate record identifiers. )

. Compute the requirement and fund-code variable. The fund-code is deter-

mined by certain combinations of the customer, program and subprogram
variables from the Master file. These combinations are given in table B-5.
For example, if the customer, subprogram, and program variables from the
master record have values ‘A, ‘l,” and ‘A’, respectively, the value for the
data base fund-code is found to be ‘A’

. Get appropriate information from the Distribution file for the five data

base records. The master record variable program is checked for the value
‘F,” ‘H,” or ‘L.’ If it is one of these values the distribution table in core is
searched for the appropriate record. If it is not one of these values, the
Distribution tape file is checked by first reading into another table all
distribution records with TEC, program, and subprogram equal to the
corresponding variables on the master record. The distribution record
identifier, composed of the variables TEC, program, subprogram, and DRP,
is then checked against this table to find the correct distribution record to
be used with the master record in making the five data base records.
Generally, there always exists a distribution record for every master record
representing a NARF and there never exists a distribution record for a
master record representing other than NARF’s. All master records that do
not have distribution records have their distribution identifiers displayed on
the printer.

. Get appropriate information from the Rate file for the five data base

records. A technique similar to that described in 6 above is used to find
the rate record for a corresponding master record. The rate table in core is
searched for the rate record if the master record program variable is equal
to an ‘F,;” ‘H, ‘L, ‘P, ‘R, ‘V,” or Y.’ For programs other than the above
values the Rate tape file is searched in a similar manner as the Distribution
file. Generally, there exists a rate record for each master record. If a match
is not made, the rate identifier is displayed on the printer.

. Compute the total-cost variable. The total-cost variable is computed for

each of the five data base records using variables from the appropriate rate



10.

11.

record. If no rate record is found for the master record, the total-cost
variable is set equal to zero for all five data base records.

. Replace the TEC code with a data base/CNA code. The four-character TEC

code is replaced by a unique two-character code called the data base/CNA
code. This results in the eight-character rework activity code composed of
TEC, program, subprogram, customer, and DRP to be reduced to a unique
six-character code acceptable in length to the MPSX360 program (see page

152 of the User’s Guide). -

Write the five data base records on the Data Base tape file. The records are
written in unblocked format and are each 96 characters in length.

Return to step 4. Master file records are processed one at a time until the
end-of-file is encountered.



CHAPTER 11l
MATRIX GENERATOR
INTRODUCTION

The Matrix Generator program has the specific function of creating the matrix file to be used
by the IBM Mathematical Programming System. This file is partially under the control of the user
in that many of the elements are directly specified by the user. These inputs are discussed in the
code descriptions which follows. It is assumed that the reader is familiar with the inputs. The basic
structure of the file is fixed and is reflected in the organization of the program.

MATRIX FILE FORMAT

The matrix is a card or card image file with a fixed format. The six sections are identified on
single cards and in the order specified in table 2. In the table, the columnar format of all card
records within a section follows the identifier (the numbers in parentheses are card columns).

TABLE 2

MATRIX FORMAT

1. NAME (1-4) User name (15-n) 15<n<22

2. ROWS (1-4)
(2) rowtape N, E, LorG
(5-m) rowname 5<m<12

3. COLUMNS (1-7)

(5-m) column name 5<m<12
(15-n) row name 15<n <22
(25-36) value — right justified

4. RHS (1-3)

(5-m) right-hand-side name 5<m <12
(15-n) row name 156<n <22

(25-36) value — right justified

5. BOUNDS (1-6)
(2-3) LO or UP  Lower or upper bound
(5-m) bound name b5<m< 12
(15-n) column name 15<n <22
(25-36) value — right justified

6. ENDATA (1-6)

Graphically, the matrix appears as shown in figure 2a. Columns and rows are identified at the
top and left respectively and each contains up to eight consecutive non-blank characters. All values
entered into the matrix are identified by a column and a row name. Positions which appear blank
are the unreferenced elements and are assumed to be zero. All these values represent the left-hand side
of the system of simultaneous equations for which the object row (N) cost is to be minimized. All
non-zero right-hand side (column RIGHT) values complete the equations (E) and inequalities (L

8-
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and G) as identified by the row type. Corresponding figure 2b is used later for reference purposes

in discussing the codes.

Figure 2c is an expansion of Blocks U thru Z of figure 2b at the element level for a particular
NARF. Elements are written into the matrix by column starting with column H in year 1 and
finishing with column K in year n, where n is the range of years requested for minimization. Only
those elements above the horizontal line, which represent the range of years requested, are entered.

DATA BASE FILE

Physical Record

The physical record making up the data base file is 96 bytes in length using a fixed EBCDIC

code.

19
10
1
12
13
14
15
16
17
18
19
20
21

3.0
4.0
4.0
3.0
5.0
3.0
6.2
4.2
5.2
4.2
5.4
6.0
9.2

TABLE 3

PHYSICAL RECORD FORMAT

Columns

1-2

ONOOTPA_W

9-35
36-39
40-43
44-46
47-51
52-54
55-60
61-64
65-69
70-73
74-78
79-84
85-93
94-96

Identification -
Description

CNA/Data Base code corresponding to the TEC
Fund source (table look-up)

Year (1 thru 5)

Program

Subprogram

Customer

NARF (or facility)

Data Format

Shop percentage

TQS—total quantity serviced

TME—total mission essential

M/E—mission essential

NORM-—average hours required

M/N—mission non-essential

REQ-requirement = f (TQS, TME, M/E, M/N)
DLR—direct labor rate '
DMR—direct material rate

POR—production overhead rate

GAR—general and administrative rate
UMC—unit material cost

COST—total cost = f (DLR, DMR, POR, GAR, UMC)
blank

10
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Logical Records

A logical record is composed of five consecutive physical records for the five years of data on
the file. All bytes in the identification are identical except for the year which varies from one to
five. The yearly identification is always given even though a particular year may not contain any
data; that is, the data’s worth is determined by data itself.

DEFINITIONS OF ARRAYS AND VARIABLES

Common

DICT used in the main routine and in subroutine SEARCH for conversion between the TEC
and the CNA-generated code representing the TEC.

Arrays, Integer

IBNDA (2,100) Column name for exceptions to the rule for bounds percent variation.

IBNDC (100) Bound exception code for designating which set of bounds and whether the bound is
upper and/or lower.

IBNDX (2,5) Name for standard bound percent variation. Up to five sets of bounds may be included.
.IBOUND (2,2000) Name of the columns upon which the bounds are set.
ICD (64) Temporary area for data base update information (if any) as stated on IDN cards.

ICHK (21) Initially reset to zero. Appropriate element set to 1 when an IDN card has non-blank data
in corresponding locations from ICD array.

ICLRW (2) Temporary storage for columns six thru 13 of user input control cards. Data is generally a
column name, row name or an identification for a group of elements.

IDBREN (21) The name associated with the 21 elements from a data base record.
IDN (2,200) The names of all activities to be included in the optimization.

IDNA (2,5,12) A temporary location that is filled with consecutive activity names from array IDN,
which have the same ID. IDNA (name, year, facility).

IDSAVE (2,1000) Save area for the name of each row under the heading IDs.
IFUNDS (8) Hollerith representation for each of the fund source codes.
IOTF (5) Hollerith representation for each of the five years.

IPROGS (10) Hollerith representation for each of the ten programs.

IRECA (2,5,12) A temporary location that is filled with the activity names of consecutive records with
equivalents IDs as read from the data base.

IRIGHT (2,26,5) An identifier and up to 25 row names which will have their right-hand sides
modified.

ITMP (2,5) A temporary location into which the activity name is read for the five years from the data
base.

ITQS (5) Indicator during a data base update which notes that the TQS for all facilities has already
‘ been modified in the given year. :

JDENT (38) An expanded array for holding data to be used during comparisons and output.
JDICT (4,400) A temporary location for the T/M/S as read from the Dictionary.
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KASTID (2) Storage for the current ID representing the data base records under consideration.
LASTID (2) Storage for the current ID representing the requests for optimization under consideration.
MIXUP (3,100) The data base activity name and year which is to be updated.

NARFX (12) Hollerith representation for each of the 12 rework facilities.

NARFY (12,2) Hollerith representation for lower and upper row identification when parametric
equations are produced.

NBAD (13) Temporary noting of requests for optimization when there is no corresponding data base
record. '

NBASE (13) Temporary noting of data base records for which there was no request for optimization.
NMATCH (13) Temporary noting of data base records for which a request for optimization was made.
NRIGHT (5) Quantity of right-hand side modifications for each of up to five requests. )

Arrays, Real*8

BNDB (5,100) Up to 100 bound percent variation exceptions over five years.
BNDY (5,5) One to five sets of standard bound percent variations over five years.

BOUNDA (2) Temporary locations for computed values used as column-row elements when parametric
equations are called for.

BOUNDS (2,2000) Save area for (1) the requirement as given in the data base activity record and (2)
the sum of all requirements having the same ID and requested for optimization. Data is later used
with bound percent variations to produce hard physical column bounds.

CAPB (5)9,7) Adjusted capacity of a NARF shop for a given year. CAPB (year, shop, NARF) =
TOTCAP minus all Base Workloads.

CML (9,7,5) Current manning level in manhours for a NARF shop and spread over five years.

CMLA (9,7,5) Current manning level in manhours adjusted by the workload from data base records
not requested for optimization.

COSTB (59,7 ,8) Costs and incremental costs for all shift and manpower changes.
EF2 (5) Efficiency factor for second shift.
EF3 (5) Efficiency factor for third shift.

FRIGHT (5,25,5) Parametric multipliers used to alter current values for the right-hand side of specified
rows.

FIXUP (21,100) User supplied data to replace specific elements of corresponding data base records.
GAR (7,5) The general and administrative rate for each NARF over five years.
HCOST (4) Temporary array used for hire/layoff incremental cost computations.

HPY (7,5) Hours per year when multiplied by the CML (9,7,5) array, is the direct labor hours for each
NAREF shop over five years.

PCAP2 (5) A percentage applied to first shift total capacity to generate second shift total capacity.
The percentage is applied to all NARFs for the particular year.

PCAP3 (5) Same as PCAP2 (5) but third shift total capacity is generated.
PHPY (5) Pay hours per year—currently not used by the program.
PVAR (5) Percent variations applied when parametric equations are used in place of column bounds.

RECB (21,5,12) (sec. IVa) A temporary array to hold the 21 numerical data base elements over five
years. From one to 12 facilities that all have the same ID are put here at one time.
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REQID (1600) The values associated with the name in array IDSAVE (2,1000) that became the
right-hand side in the matrix under the heading IDs.

TEM (15) A temporary area for the data read from the initial user control cards.

TMP (21,5) A temporary area into which data base record values are stored before being moved to
array RECB.

TOTCAP (5,9,7) The original total capacity of each NARF shop for five years.

SUMN (8,10,1_2,5) An initialized array where data base values not subjected to L.P. optimization are
summed according to eight fund sources, ten programs, twelve facilities, and five years. The final
array'is passed to the program which produces reports.

SUMR (3) A temporary array for computing the limits of increased or decreased work force allowed
before a cost for such changes is either first applied or increased. That is, Phase I limit.

VALU (21) The temporary area where values used to update data base record elements are ini;cially
stored.

Variables, Integer

IAY A user input for the actual first year (e.g. 75) in the range of years for which a solution is
requested.

IBOP  An indicator for the bounds (1) or parametric (2) user supplied option.
IDENT A 4-byte identifier for the users’ input cards. -
IEND Indicator for data base end-of-file.

IMCBB  User indicator regarding initial hire/layoff cost input cards. 1 means that cards are not included
and the cost is assumed to be zero. 2 means that cards are included and they contain the cost
information.

IMOV  Set during data base processing.
1 = move next set of L.P. requests to array IDNA
3 = move next set of data base records to arrays IRECA and RECB
2 — both 1 and 3

INOS  User supplied indicator designating hire/layoff by shop or by NARF.

INC User indicator (1,234 or 5) for the number of cards following the first and containing yearly
information.

ISET Switch used when reading the data base and moving record contents from ITMP and TMP to
IRECA and RECB.

ISETR Localized switch for preventing error message duplication.
ISTOP  Set to 1 upon occurrence of an error and periodically tested to stop job processing.

IUPLO Indicator on user request cards (column 15) which indicates how information on this card is to
be used.

IWPR Total number of numeric data fields on a data base record.

IYA The first year (1,2,34 or 5) in the range of years to be subjected to optimization.

IYB The last year in the range of years to be subjected to optimization such that [YB = IYA.
IYC The specific year the data on an input card represents.

JBDS Number of bound names and values saved in arrays IBOUND and BOUNDS.
0 < JBDS < 2000

JBNDS Number of bound exceptions for all sets of bounds requested.
0 < JBNDS < 100
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JID Number of ID row names and right-hand side values saved in arrays IDSAVE and REQID.
0 < JID < 1000

JIDN  Number of unique ID NARFs the user requests for optimization.
0 < JIDN < 2000

KC Data base record field for the computed total cost.

KG Data base record field for the general and administrative rate.

KR Data base record field for the computed requirement.

LUD Logical input unit from which the TEC—TMS dictionary is read.

LUI Logical input unit from which the data base is read.

LU@ Logical output unit to which the matrix is written.

LUQ Logical output unit to which the dictionary is written.

LUU Logical output unit to which the other data used in the report generator is written.
LUV  Logical input unit from which the manning level capacity and cost data is read.
NBS Number of sets of bounds.

0<NBS<5
NFACIL=12 Number of Facilities.
NFUNDS=8 Number of Fund Sources.
NNARFS=7 Number of NARFs. -
NPROGS=10 Number of Programs.
NRS Number of sets of parametrics.
0O<NRS<5

NSHOPS=9 Number of shops per NARF.
NYEARS=5 Number of years of information on the data base.

All other integer variables are localized and follow the standard FORTRAN type conventions:

I J M
II 1J MM
111 JRHS MMM
ICODE K MXX
IGOTD KK N
ITEMQ KKK NN
ITEMP KIDN NF
ITEMR L NP
IYD LL NXX
LN

Variables, Real*8

SUM  Sum of all requirements for a particular ID that is requested for optimization.

XLML User supplied percentage applied to the current manning level. The product is the layoffs in
manhours allowed before costs are either incurred or increased.

XUML User supplied percent applied to the current manning level. The product is the manhours of
hiring allowed before costs are either incurred or increased.
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Localized Variables, Real*8

BVAL
PERCAP

PROD .
TEMP

DISCUSSION OF PROGRAM CODE

This section first considers the subroutines and functions used by the main routine. Then the
main program is discussed using the entries in the location field plus or minus a number of lines,
and the blocks in figure 2b, as references.

Subroutine MOVE (A,B,C,D,E)

This assembler language subroutine handles the movement of a string of bytes from one
location to another. It makes use of the MVE instruction which limits the number of bytes to 256.
The source string begins at the Bth byte of the Ath address. The target string begins at the Dth
byte of the Cth address. E characters are moved where 1 < E < 256.

e.g. CALL MOVE (SORC (2),3, TARG (1),14,5)

SORC viw|x|y]|z <::

TARG VIiw|x|Yy|z <::
1 2 3 4 5

Function LJABF (A,B)

This assembler language function is for isolating the Bth byte of the Ath address. The byte is
left justified in Register O and blank filled on the right.

e.g. | = LIABF (REC (2),10)

rec [Als lc|olel|ela|ulilslklLIm|{n|olr]alRr <i
1 2 3 4 5

The content of I after returning from the function is Napa
I = D5404040, ¢

Function NTOI(I)

This assembler language function moves bits 4 thru 7 of a word to bits 28 thru 31 of the
same word, and then zeros bits O thru 27. The function is called under the assumption that a
numeric byte resides left-justified in the word. The procedure converts the byte to an integer.

17



e.g. A seven is read under an Al format

F7404040
000000F7
00000007

e.g. A blank is read under an Al format

40404040
; 00000040
00000000

e.g. A V is read under an Al format

E5404040
000000ES
00000005

No provision is made for data checking. This should be done before using the function.

Subroutine SEARCH (IVAL,NN)

The dictionary produced during creation of the data base was read partly into array IDICT in
common block DICT. The number of dictionary records, IDR, is also maintained in the array and
is assumed to be less than or equal to 400. Each record within IDICT is eight bytes long and
contains a two byte CNA/Data Base assigned code (character position 1 and 2) to represent each
four byte TEC code (character positions 5-8) for the type-model-series. The dictionary is required
because the data base has the CNA-assigned code whereas the users will be supplying the TEC.
Therefore, before data comparisons are made, a translation from the TEC to the CNA code is
necessary. A conversion from the CNA code back to the user identifiable code is necessary when
error messages are printed.

Since both sets of codes are in ascending order, a binary search is performed. NN is either the
value one or two when entering the subroutine. If NN equals one, the CNA code portion of the
dictionary (IDICT) is searched until a match with IVAL is found. If NN equals two, the TEC
portion of the dictionary (IDICT) is searched until a match with IVAL is found. In both cases
upon a match with IVAL, NN is set to the record number of the dictionary for use in the main
program.

Subroutine CONVRT

Columns 17 thru 80 of a card used from file IDNARF contain either blank or numeric data.
To distinguish between blank and zeros the 64 characters are first stored in array ICD using a 64A1
format. At entry point CONVRT 18 distinct floating point values are constructed in array VALU
from the hollerith in ICD. Array ICHK is initialized to and remains zero when a field contains all
blanks. Any non-blank entry forces one of the 21 positions of ICHK to one. Locations 15, 19 and
21 are not used. They are included to allow for alignment of data base elements with elements
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from the cards to be used in updating the data base. The meaning and position of each field can be
obtained from the user’s manual.

Function NTOI converts the hollerith number to an integer so that an arithmetic operation
can be performed. A blank becomes a zero. No check is made for a decimal point since none is
expected. All data has an assumed decimal position and it is accounted for in the main routine.

At entry point BNDRHS five years of blank or numeric data is expected. The first five
positions of arrays VALU and ICHK are used in the same manner described for entry CONVRT.
The five data fields are always 17-24, 25-32, 3340, 41-48, and 49-56.

The program is initialized by reading the CNA/Data Base tape file. This constitutes establishing
CNA codes for all TECs, sorting the hit parade*, incorporating option cards, establishing costs, and
marrying constraints with the proper TEC. The row and column names for the matrix are
established. The above information is then used to generate the matrix. (A flow chart of the
program is shown in figure 3.)

0 Establish and initialize variables and arrays. -

91-1 Read the first control card.

91+1 If the last year in the range IYA to IYB is not given, set IYB equal to IYA.

91+2 If variable INC on the first control card is not given, the default is 1. Print error message.

93 ISET is used to indicate that information about the first year is given.

93+1 Read INC data cards with yearly information. If IYC equals IYA then set ISET to 1 and test
the data.

89 Move the card data to permanent appropriate storage areas.

99+1 If ISET is 1 then the required first year has been given.

97 The number of yearly data cards must be less than or equal to the number of years in the
range from IYA to IYB. If equal, it is assumed that all years are accurately given.

103 Fill missing years with the previous year’s data.

108 Percentage for allowable manning variance is converted to a decimal.

50 Read all cards that belong to the hit parade (IDN), bounds specifications (BNDS), right-hand

side modifications (RHS), general and administrative rate changes (GARC), and last card
(END). All IDENT except END must be stated on the first card and may thereafter be
stated or left blank. A group of cards belonging to a given category, such as BNDS, is
terminated only by recognition of a different but valid identifier such as END or GARC.
An invalid IDENT causes an error message. An unestablished IDENT is a blank with no
valid IDENT previously given.

52+1 Check for IDN.
52+2 Check for data on the IDN card.
53 Check for BNDS.

*Hit parade is the term used to define the TMSs/TECs to be considered by the planning model (see page 38 of the User’s Guide).
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55
55+1
54
57
57+1
56
69
69+1

58
58+1
58+2
72
110

114
11443
111
120

130

150

158

156+1
155+1
152+1

152+3
133

151+1

Check for a name on the BNDS card.

Save up to five sets of bound names and percent variation in IBNDX and BNDY.
Check for RHS.

Check for a name on the RHS card.

Save up to five sets of right-hand side modification names in IRIGHT.

Check for GARC.

‘Check for data on the GARC card.

Put general and administrative rate changes for the given NARF and all specified years into
GAR.

Check for END.

Check for blank.

Print error message for invalid IDENT.

Go to location determined by ICODE or print unestablished IDENT message.

Under IDN (ICODE=1) check for code (blank, L, B or D) in variable IUPLO. If B or D go
to 111 and don’t include name ICLRW in hit parade list, B is a data base record
modification and D is a record deletion.

Include the rework activity in the hit parade list.

If the code is a blank, no data base updates are included. Otherwise (L) updates are
included.

Put data base updates into arrays MIXUP and FIXUP.

If the limit on number of sets of bound has already been reached, ignore this card.
Otherwise, include this card’s data with the bound exceptions in arrays IBNDA, IBNDC,
and BNDB. No check is made for the maximum allowed.

If the limit on the number of sets of right-hand side modifications has already been reached,
ignore this card. Otherwise, accept up to 25 modification statements and put the row
names and data in arrays IRIGHT and FRIGHT.

The card or card image fixed length file called IDDI contains current manning levels (63
cards), shop capacities (63 cards), first shift manhour costs (63 cards), incremental second,
third and post third shift manhour cost (3*63 cards), manhour hire and layoff costs
resulting from manpower changes beyond a predetermined range (2*63 card) and optional
specifications for hire and layoff costs resulting from manpower changes within the
predetermined range (126 cards).

Read the current manning level and convert men to direct manhours.
Read shop capacities and spread all year n to year n+l if year n+l is not given. n=1,2,3 4.
Zero that portion of the cost array where initial hire and layoff costs are kept.

If IMCBB on the first control card was a 2, then initial hire/layoff costs are included in the
IDDI file.

Read the cost cards in file IDDI into array COSTB and spread all year n to year n+l if
year nt+l is not given. n=1,2,3 4.

Check that the initial hire/layoff costs are always less than the costs outside the initial
manpower hire/layoff range.

Modify the incremental costs for second and third shifts according to their efficiency factors
and the cost of first shift operations.
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134-1

170

160

164+2
163
162
140

143
147
128
180

187

181+1
182+1
183+1

The dictionary is read into common array IDICT and program array JDICT. A count NDR is
also maintained in the common block. Array JDICT is used solely for reproducing the
T/M/S on file LUQ. The first dictionary record is printed as an indication that file IDDI
contained the correct number of cards when both the IDDI file and the dictionary are
input from the card reader. The first two bytes of the first record in array IDICT must be
AA.

The nature of the input under IDENT IDN allows for duplicate ID NARF specification. That
is, when an ID NAREF is to be included in the hit parade and data base changes are also
requested for individual years, separate entries with the same ID NARF are put into the
hit parade list. This section, using a bubble sort, orders the list and eliminates any
duplicate entries.

Since the user specifies his code as a TEC and the data base has the CNA code, word 1 of
each record in array is changed from the TEC to the CNA code. An invalid TEC is
eliminated from the list. The dictionary and hit parade list are passed sequentially since
both are in ascending order.

Compare the TEC in the dictionary with the TEC in the hit parade list.
Change the TEC to the CNA code.
Eliminate an invalid TEC from the hit parade list.

Three more arrays (IBNDA, IRIGHT, and MIXUP) contain the user specified TEC. These
must also be changed to the CNA code. Subroutine Search is used to locate the matching
TEC in the dictionary array. -

Change the TEC in a bounds exception request to the corresponding CNA code.
Change the TEC in the right-hand side modification requests to the CNA code.
Change the TEC in the data base update request to its CNA code.

All previous inputs have now been prepared for creating the matrix. This card image file
follows a very specific sequence of events under rigid format specifications (see the
“Matrix File Format” section). The first section names the matrix and provides for
naming and typing all rows. These rows are somewhat a function of user inputs. The
options on the first control card provide for (a) the use of bound (IBOP=1) or the use of
parametric equation (IBOP=2) and (b) manning changes at either the NARF level
(INOS=1) or the shop level (INOS=2). Variable IBOP affects the rows generated in block
B (figure 2b) and variable INOS affects the rows generated in block D of the matrix. Also
affecting the rows is the number of years (IYA to IYB) for which optimization is
requested. Excluding the COST row, a two year request will cause twice as many rows to
be generated as a single year request.

NAME of the matrix is MINUM.
Identification that the following cards contain row names and types.
The objective function (type N) is called COST and is represented as block A.

Blocks C and D are produced next. The number of rows here is a function of the number of
years. A minimum of 189 rows is created at statement number 186 for block C. Block D
is also a function of variable INOS. When INOS=2, a row is established for each shop
using the shop numbers 1 through 9. Otherwise INOS=1 and only one row is established
for all shops using a zero shop number. Blocks C and D are produced together and will
appear as shown in the following list depending on the value of INOS.

93



INOS=1 INOS=2

FA1l Y FA1l
SAll SA11
;1212)11 * Initial Rows 321111  Initial Rows
NAQ1 NA1l
PAQ1 PA11 /
FA21 FA21

, SA21 | Repetition SA21
;ﬁg} ;51122211 ¢ Repetition
SA31 NA21 J
TA31 PA21
FA91 FA91
SA91 SA91
TA91 : TA91
FB11 MA91
SB11 NA91
TB11 PA91 .
MB@1 FBI11
NB@1 SB11
PBQ1 TB11
FB21 MBI11
SB21 NB11
TB21 PB11

190 Block B is dependent on the number of years and the variable IBOP. When IBOP=1, bounds

are requested and one row is established for each unique ID from the hit parade list in
array IDN. When IBOP=2, parametric equations are used to control assignments. In
addition to the one row established for each unique ID, two more rows are created for
each IDN in the hit parade list. Block A, for the different values of IBOP, will appear as
follows when given partial example hit parade.

ID NARF

Sample hit parade array IDN AMNAABCB
AMNAABCE
AMNAABCI

IBOP=1 IBOP=2

Rows generated AMNAABCA AMNI1ABCA
AMNI1ABCN
AMN1ABCZ
AMN1ABCQ
AMN1ABC2
AMNI1ABCU
AMN1ABC6
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The sample IDN list shows the TEC translated to the CNA code AM. The fund source N also
came from the dictionary as did the blank which will be filled with the year. Program A,
Subprogram B, and Customer C follow. These seven bytes make up the ID. The last bytes (B,E,I)
are the NARFs. For a group of n ID NARFs with the same ID, one row is made when IBOP=1.
Otherwise 2n+1 rows are created for that group.

The following list gives the bytes substituted for the facility in the two additional rows
generated when parametric equations are used. The * mark the facilities used in the previous
example. '

Facility ABCDEFGHI J KL
Parametric Row MNOPQRSTUVWX
Substitution YZ012345672829
200-1 The heart of the program begins with identification of the columns section. An additional

hit parade element of all Is is tacked onto the end of the list to facilitate in the handling
of remaining data base records after all hit parade requests have been processed. Several
variables, local to data base processing while creating the column section of the matrix,
are initialized. A header for the data base updates is also printed if any were requested.

The data base processing begins with variable IMOV being used to control the movement of
groups of records containing the same ID. When IMOV equals 1 or 2, the next set of hit parade
requests is moved from array IDN to appropriate locations in array IDNA. And, when IMOV equals
2 or 3, the next set of data base records are read and ultimately stored in arrays IRECA and
RECB. Thus, the hit parade and the data base are passed sequentially from beginning to end with
the next group of records that contain the same ID being considered. The ID representing each
group is stored in LASTID for the current group of hit parade requests and in KASTID for the
current group of data base records. Bytes 1,2,3,5,6 and 7 from LASTID and KASTID are compared
to determine the next step. If LASTID is less than KASTID, a hit parade request was made for
which no data base record exists. An error message for the ID is printed, IMOV is set to 1 and the
next group of hit parade requests is moved to array IDNA. If LASTID is greater than KASTID, no
hit parade request was made for all current data base records being considered. This data base
information will be used to adjust the current manning level in array CMLA and the shop capacities
in array CAPB. The final adjusted values will later become part of the matrix right-hand side.
Values are also accumulated in array SUMN for use in the Report Generator. IMOV is set to 3 and
the next group of data base records is input to arrays IRECA and IRECB. If LASTID and KASTID
- are equal, further comparison at the facility level is needed. That is, how does each hit parade
request under the given ID compare to the records read from the data base? When a facility request
exists for which there is no data base record, an error message for the ID NARF is printed. When a
data base record exists for which no hit parade request was made, the data base record values are
accumulated in array SUMN and used to adjust CMLA and CAPB. Finally, when the hit parade
request exactly matches the data base record, entries will be written into the matrix at blocks E, F,
G, H, and I shown in figure 2b. Block E is the eight-byte column name from array IDNA and for
which an exact data base match occurred. The column for block E will compare with a previously
established row in block B with the exception of byte number eight. A value of ‘1’ will be entered
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in block G linking the column to its corresponding row. Once a value has been entered for a given
column, all values for that particular column must be entered sequentially. When a new column is
identified, no more values can be entered for the previous column. The same column then has the
cost entry (block F) from the data base entered at the COST row (block A). If the particular
facility is a NARF (A thru G), entries are also made for blocks H and I. They are otherwise
omitted since shift capacities and manning are not of concern in the other facilities (H thru L).

A sum of the requirements is found for all matches and the row name (block B) or ID along
with the sum is saved for later entry into the right-hand side at block FF. Also, if bounds are to be
used, the individual requirements for each match, the column name, and the sum of all
requirements are saved for later computation of the bounds to be placed upon the columns.
Otherwise parametric entries for the additional rows generated in the rows section are produced.

220+1 The next group of hit parade requests with the same ID is to be moved into the IDNA array
which is first initialized to zero. Array LASTID is set equal to the first request from the

group.
228+1 Array IDN is checked for total depletion.
222 This point is returned to from 219+1. It is jumped over during transfer of the first ID

NARF from array IDN to array IDNA. That is because a group of hit parade requests
must contain at least one element. @

224 The numeric value for the facility (A=1, B=2, ... L=12) is determined.

22443 Array IDNA is filled from array IDN in all years requested (from IYA to IYB). The year in
byte position four is filled in with the call to MOVE.

219 The current location KIDN in array IDN is incremented and a jump to 222 is taken.

. 230 IMOV is tested to determine whether the next group of data records with the same ID is to
be moved to arrays IRECA and RECB. If it is, arrays IRECA and RECB are first
initialized to zero.

231 Variable ISET is checked. It is used to control the reading of data base records into arrays
ITMP and TMP, and then the movement of the record from ITMP and TMP to
appropriate position in arrays IRECA and RECB. ISET=1 indicates the beginning of the
data base. ISET then switches between zero and-two.

232 Five years of data contained in five consecutive data base records are read into arrays ITMP
and TMP from the data base.

210 End-of-file has been read and array ITMP is set to all 1s to signify such.

218 Continuation after reading. A check is made for the particular facility A thru L.

237 Check to determine if the General and Adminstrative Rate has already been set. This record

element is constant throughout the data base for a particular year and a particular NARF.
Part or all of array GAR may have been initialized by the user. This allows for changing
the G&A rates that may have been incorrect on the data base.

243 Variable LN is set to the particular facility just read into array ITMP. This is done since an
exit may be taken at statement 239+6 and the facility is still to be used at statements 241
and 242.

243+1 Variable ISET is 2 if and only if the record being considered is not the first of a group
containing the current data base ID. ’

240 If this is the first record of a group, set array KASTID. It contains the ID for the current
group of data base records and will be used later. Also exit from this program section if
end of file (IEND=1) had been used.
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